The evolution of mHealth interventions in Heart Failure
G.S. Karanasiou’, E.E. Tripoliti*, F.G. Kalatzis®, A. Errachid®, D.l. Fotiadis

!Department of Biomedical Research, Institute of Molecular Biology and Biotechnology, FORTH, loannina, Greece.
2Université de Lyon, Institut de Sciences Analytiques (ISA), Lyon, France

Abstract—Heart Failure (HF) is among the most deadly dis-
eases globally with reduced quality of life (QoL), repeatable
hospitalizations, and early mortality. For effectively managing
HF patients should systematically monitor their symptoms and
follow the experts’ guidelines. While the precise mechanism
behind HF disease has not been fully delineated, risk factors
for HF have been identified. Though the risk factors are
known, these is a compelling need for efficient and effective
management and monitoring the progress of HF. Mobile
health (mHealth) intervention has the potential to offer per-
sonalized services for predictive, participatory and preventa-
tive care and contribute to more accessible, faster and reliable
disease monitoring. In this work we present an extended re-
view of the evolution of mHealth interventions in cardiology
and HF and the emerging potential these resources provide.

Keywords— Heart Failure, mHealth, personalized manage-
ment, ecosystem, patient empowerment.

I. INTRODUCTION

A. Background

HF is a life-threatening progressive disease associated
with repeated hospitalizations and increased direct, such as
medication and hospitalization, and indirect costs, such as
income reduction [1]. Patients suffering from HF present
several symptoms, such as sleep-disordered breathing [2]
difficulty in breathing at rest or at exercise [3], urinary dis-
order [4], fast or irregular heartbeat [5], symptoms that have
an adverse effect in patients Quality of Life (QoL).

The economic impact of the disease is enormous; high
burden of hospitalizations as a primary or secondary diag-
nosis [6]. Life expectancy increases as well. As both the
length of life and the proportion of older people increase
throughout the world, the resources needed for HF care will
further increase.

To decrease this economic pandemic, the risk factors re-
lated to HF should be effectively controlled. Among the
available methods for assisting the HF patients in disease
management are: (i) group consultations with a nurse or a
healthcare professional [7], (ii) internet-based interventions
[8], (iii) printed materials [9] and, (vi) mHealth applications
[10]. From the aforementioned methods, the adoption of
mHealth applications is the most promising [11].

B. Description of the condition

Current guidelines of the European Society of Cardiolo-
gy (ESC) for HF management call for optimal management
in hypertension, medication, nutrition, weight, physical
activity. In parallel individualized education and counseling
of HF self-care is a critical element [12]. The evolution in
the field of medicine contributed to a widely available
amount of medication for HF (Angiotensin-converting-
enzyme inhibitor, Aldosterone Inhibitor, Angiotensin Il
Receptor Blocker, Beta-Blockers, Calcium Channel Block-
ers, Cholesterol -Lowering drugs, etc.). In specific HF stag-
es, patients are more likely to be prescribed more than one
kind of medication [13]. HF patients should also pay atten-
tion to the diet they follow and also include physical activity
in their daily practice. Among other factors, weight moni-
toring is particularly important for HF patients and is highly
associated with repeated hospitalization [14] and increased
mortality [15]. According to clinical guidelines, weight
monitoring is a key element in HF self-management [16],
[17]. However, recent evidence reveal that only 40% of the
HF patients are regularly monitoring their weight, and in
addition a third of HF patients do not take any action [18].

However patients’ non-adherence, in medication and in
general in the provided by the experts’ guidance, is “epi-
demic” [19]. This non-adherence behavior is a barrier to
taking advantage of the existing knowledge and progress in
medicine and has a negative impact in the patient’s clinical
condition, and consequently in his/her autonomy, physical
and mental health and in general in QoL. Recognizing the
non-adherent HF patients is important, since even though
HF patients are fortunate to have at their disposal a plethora
health-based knowledge, the adoption of this knowledge in
their life is difficult.

Mobile technology has the potential to overcome barriers
to monitor and manage HF patients and could be a useful
tool for increasing patient adherence. Mobile health enhanc-
es access to health promotion interventions and can influ-
ence health related behavior in real-time [20]. A recent
study revealed that 86% of the smartphone users are utiliz-
ing their smartphones to record, receive and review data,
receive feedback and interact with other users [21]. Mobile
usage, in Western Europe, was approximately 23% (2011)
and its penetration is expected to expand, year after year,
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reaching 65% (2017) [22]. In addition to this, even if older
adults were less likely to utilize mobile technology, recent
studies revealed an increase in mobile ownership and usage
by them [23]. Mobile health interventions are adopted by a
wide population with 20% of the mobile users downloading
a mobile health application [24]. From the functional per-
spective, the mHealth applications can be classified in the
following categories: (i) self-healthcare management (ii)
assisted healthcare, (iii) supervised healthcare and (iv) con-
tinuous monitoring [25].

1. METHODS

A. Literature review of mHealth HF interventions

Several studies have explored the feasibility of portable
home-monitoring devices which are wirelessly connected to
a smartphone with the aim to monitor HF patients [26], [27]
and showed high diagnostic quality and integrity of vital
measurements. A recent study monitored the patient’s
weight, through a wireless weight scale. The data were
transmitted to a mobile phone, and with the help of an algo-
rithm improved the sensitivity in predicting clinical deterio-
ration in HF patients [28]. This was achieved through spe-
cific alerts which were generated from moving averages of
daily weight data deviations above the norm for each pa-
tient.

The TEMA-HF 1 RCT included 160 HF patients from
seven hospitals that utilized a telemonitoring system for
communicating with the healthcare professionals and the
HF clinic [29]. The patients were provided with sensors
which measured daily weight, blood pressure (BP) and heart
rate (HR) and when the predefined limits were exceeded,
automatic alerts were generated. The evaluation of this
telemonitoring system showed that the hospitalization rate
was reduced.

Another telemonitoring systems with 50 HF patients de-
termine its impact on: (i) self-care, (ii) clinical management
and, (iii) health outcomes [30]. The quantitative findings
revealed that the HF patients were empowered and the cli-
nicians were able to more effectively manage these patients
since patients’ physiological data were at their disposal. A
similar study showed that the mobile phone telemonitoring
system improved patient’s medication regimen [31]. Specif-
ically, there was a significant increase in the patients that
were prescribed with aldosterone antagonist, since they
could be closely monitored. The benefits of aldosterone
antagonist are well proven, however, patients are often not
prescribed this therapy since in that case there is a need of
closely monitoring serum potassium levels to avoid hyper-
kalemia. In addition to this, the HF patients were provided

with immediate automated instructions to modify their life-
style behavior.

The MOBITEL study [32], a prospective, randomized
study with 120 patients from eight clinical centers, ap-
proached HF management through: (i) detecting early warn-
ing signs of decompensation, (ii) reducing the high risk of
re-hospitalization and, (iii) through providing valuable pa-
tient information to the treating physician. The enrolled
patients were equipped with: (i) a mobile phone, (ii) a
weight scale and, (iii) a sphygmomanometer for BP and HR
measurements. The measurements of the vital parameters
were sent to the mHealth application on a daily basis. In
addition, the perceived medication was inserted in the mo-
bile application manually. Then all data were gathered and
transmitted to a secure website where numerical and graph-
ical data representation was provided. Through this system
the physicians were able to monitor the patients’ vital signs
and receive an automatic alert in case the transmitted values
were outside the personalized adjustable borders.

A study conducted by Yap et al. [33] included a chest-
belt type two electrode wireless Electrocardiography (ECG)
device and a specific mHealth application. Following the
same concept, Leijdekkers et al. [34] presented a self-test
mHealth application that allows HF patients to assess their
medical condition and assist them in preventing heart at-
tacks, without any medical expert’s intervention. The basic
concept is that the analysis of the ECG data are collected
and analyzed and in case the patient is at risk there are
mainly two choices: (i) the patient is informed and alerted to
contact with the emergency services, (ii) the mHealth appli-
cation automatically alerts the emergency services provid-
ing the location and the status of the patient.

Based on the findings of the previous studies, Seto et al.
[31] generated a rule-based HF mHealth system. The pa-
tients were provided with wireless medical devices for
measuring: (i) weight, (ii) BP, (iii) HR and, (iv) ECG. These
data were transmitted to the mHealth application and then
were sent to the hospital data servers for analysis. The ob-
jective of this system was to automatically generate alerts
for the patients and the clinicians, through transforming the
clinical guidelines in automated HF patient decision support
and alerting systems. Findings showed that the utilization of
the HF rule set improved patients' QoL and assisted in self-
care.

There also exist mHealth applications that quantify vital
signs. Such an application is the one that uses its camera
and microphone to quantify HR and BP. In this mHealth
application, two different approaches are used to estimate
the vital signs from the heartbeat and pulse data. In the first
approach, two smartphones are used whereas in the second
approach the smartphone is replaced by an external micro-
phone [35]. This mHealth application reached 95% accura-
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cy in BP measurements. Another smartphone application of
this kind is the iPhysioMeter that measures HR and normal-
ized pulse volume (NPV) [36].

The objective of the HEARTEN is to build and evaluate
a mHealth ecosystem for HF disease management [37]. A
multidisciplinary HF management, involving several actors
working together (healthcare professionals, caregivers,
nutritionists, physical activity experts, psychologists), en-
sures patient adherence and best quality of disease progress.
This is accomplished through several sensors and through
the developed, within the project, breath and saliva biosen-
sors. Specifically, the set of market sensors is: (i) ECG, (ii)
BP, (iii) physical activity, (iv) body temperature and (V)
weight scale. The breath and saliva biosensors will be inte-
grated into the patients’ smartphone and cup respectively.
These biosensor devices will detect breath/saliva bi-
omarkers that are indicative of HF progress and are linked
with drug intake. The architecture of HEARTEN platform is
depicted in Fig. 1.
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Fig. 1 Overview of HEARTEN architecture with the main components:
(i) Sensors, (ii) Databases, (iii) KMS, (iv) DynPCP and, (v) Cloud Server.

All the measurements, from the sensors and the biosen-
sors, will be gathered to the patient’s mHealth application
and then to HEARTEN Cloud platform where the
Knowledge Management System (KMS) will employ data
mining techniques for identifying: (i) high-risk conditions,
(ii) patient’s profiles, (iii) predictive models and, (iv) trends
of non-adherence. Alerts and notifications will be send by
the Dynamic Patient Communication Prototcol (DynPCP)
system to the smartphones of the ecosystem actors and

based on the authority of each of these actors specific rec-
ommendations and suggestions will be provided.

B. Review of commercial available mHealth HF
interventions

In this section the most well-known mHealth applications
are presented. A new mHealth application, SecuraFone®
has been developed to provide immediate alerts to the
healthcare professionals in case an unexpected health inci-
dence occurs [38]. The patient wears a sensor on the chest
or back that identifies and detects: (i) physical activity, (ii)
HR, (iii) respiration rate and, (iv) skin temperature. Another
iPhone case recently accepted by the U.S. Food and Drug
Administration is AliveCor's Heart Monitor [39]. The
AliveECG mHealth application records ECG and HR by
resting it on the patient’s fingers or chest.

A clinical trial called LAPTOP-HF was designed to as-
sess a new methodology for managing HF patients [40]. A
smartphone mHealth application, Pam+, allowed the HF
patients to track the BP as measured by an implantable
sensor [41]. The analysis of the processed data assisted in
medication adjustment and resulted in maintaining blood
pressure under acceptable levels.

111, CONCLUSIONS

The prevalence of mobile phones and the growing use of
mobile-accessible applications in healthcare delivery high-
light ways of integrating healthcare into the patient’s daily
routines bringing together and enabling ecosystem actors’
interaction. The benefits of these interventions are clear,
providing opportunities for direct and immediate HF patient
management in a precise and effective way.
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